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Abstract

Triploid oysters have become a major component of the
oyster aquaculture industry worldwide. This review will
focus on basic aspects of triploid oyster aquaculture, includ-
ing the approaches for triploid induction, performance of
triploids, and related ploidy determination. This review

is intended to convey basic knowledge of triploid oyster
aquaculture to the shellfish industry and general public.

Introduction

According to the Food and Agricultural Organization
(FAO), molluscan shellfish aquaculture, including oysters,
clams (including cockles and arks), mussels, scallops, and
abalones, accounts for more than half of the world’s marine
aquaculture production (FAO 2016). Among the aquacul-
ture shellfish groups, oysters led the annual production
between 2003 and 2007, and since 2008 were second behind
clams (Yang et al. 2016). Aquaculture information from
the FAO lists over 15 oyster species from genera Ostrea and
Crassostrea that are currently being farmed worldwide with
a total production of more than 5 million tonnes and sales
value exceeding $4 billion (FAO 2016).

In the United States, oyster aquaculture includes five
species: the Pacific oyster Crassostrea gigas, eastern oyster
Crassostrea virginica (also previously known as the Ameri-
can oyster, a native species along the US East Coast and
Gulf of Mexico), Kumamoto oyster Crassostrea sikamea,
Olympia oyster Ostrea conchaphila (or O. lurida, a native
species in the US West Coast), and European flat oyster
Ostrea edulis. According to the most recent aquaculture
census conducted by the U.S. Department of Agriculture
(USDA) in 2012, 756 farms in 18 states are involved in the
molluscan aquaculture industry with a sales value of $329
million (USDA 2014). Among the cultured shellfish
species, the Pacific oyster ac-counted for 26.4% of the
production for an economic value of $87 million on the
west coast, while the eastern oyster accounted for 19.7% of
the production for an economic value of $68 million on the
east and Gulf of Mexico coasts, and other oysters
accounted for 7.6% of the total shellfish aquaculture
production (USDA 2014).

Triploid-tetraploid technology is likely the genetic breeding
most widely recognized by the oyster aquaculture industry
worldwide and is utilized for commercial oyster seed
production (Guo 2004). This publication reviews triploid
oyster production and performance, and explains methods
used to produce and raise triploid oysters.
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Triploid Oyster Aquaculture

Like most animals, normal oysters have two sets of
chromosomes (which means that they are diploid) with one
set inherited from the eggs and the other inherited from
the sperm. Triploid oysters have three sets of chromosomes
and are valuable to the commercial aquaculture industry
because of their potential for fast growth, superior meat
quality (especially in summer), year-round harvestability,
and low environmental pressure on wild populations

(due to their sterility) (Guo et al. 2009). Tetraploid oysters
possess four sets of chromosomes and are valuable in

the production of 100% triploid seed when crossing with
normal diploids.

Triploid oyster aquaculture has become an important part
of the global industry. Currently, triploid Pacific oysters
account for about 50% of the production on the west coast
of the United States and 100% of the hatchery seed produc-
tion in France (Degremont et al. 2016). Triploid eastern
oysters account for nearly 100% of the seed production in
the Chesapeake Bay. Triploid Sydney rock oysters Sac-
costrea glomerata account for about 15% of the production
in Australia (Peachey & Allen 2016). Commercial triploid
oysters are typically produced by crossing tetraploids with
normal diploids to yield 100% triploid seed. This approach
allows for implementation by commercial hatchery
operations and has supported oyster farming operations
throughout the world.

Methods for Triploid Oyster
Production

There are two approaches used for production of triploid
oysters. The first approach is to inhibit the release of polar
body I or polar body II after fertilization. This method

has been used since 1981 when the first report of triploid
production was published (Stanley et al. 1981). The second
approach involves crossing normal diploids with tetraploids
to produce 100% triploid offspring. This method is cur-
rently used in commercial triploid seed production but
relies on the availability of tetraploid breeding stocks.

1) Triploid Production by Inhibiting the
Release of Polar Body | or Il

Opsters, especially Crassostrea species, reproduce by
releasing their gametes (eggs from females and sperm from
males) into the surrounding water for fertilization and
embryo development. For many bivalve mollusks (oysters,
clams, mussels, and scallops), eggs released from females
are not completely mature (arrested in the prophase of
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meiosis I) (Galtsoff 1964; Gosling 2003). Once fertilization
occurs, the eggs resume the maturation process (meiosis

I and II) and release polar bodies I and II. The fertilized
eggs develop into embryos and then free-swimming larvae
after 24 hours. After about 2-3 weeks, swimming larvae
go through metamorphosis and transform into sessile
juveniles (spat), and continue to grow into adults.

Based on oyster reproductive characteristics, production of
triploids can be achieved by inhibiting polar body I or polar
body II, which alters the way chromosomes are inherited.
This approach has been used to produce triploids in many
shellfish species (see summary in Guo et al. 2009). Polar
body I contains two sets of joined matching chromosomes
and when inhibited can change the way chromosomes

are separated, resulting in a mix of ploidies, including
tetraploids, triploids, diploids, and aneuploids (organisms
that do not possess whole sets of chromosomes) (Guo et al.
1992; Yang et al. 2000a). Often, only triploids and diploids
survive to spat stage (Stanley et al. 1981; Yang et al. 2000b).
Inhibition of polar body II usually produces a majority of
triploids because the extra set of chromosomes in polar
body II is kept. Therefore, inhibition of polar body II has
been used as the effective approach for triploid production
in shellfish (Allen et al. 1989; Guo et al. 2009).

Effective methods used to inhibit polar body I or II include:
1) physical treatments, such as high-pressure shock, heat
shock, and cold shock; and 2) chemical treatments, such

as cytochalasin B (CB), 6-dimethylamnpurine (6-DMAP),
caffeine, colchicine, and nocodazole (see summary in Guo
et al. 2009). For different shellfish species, the effective
treatment conditions, such as concentration, duration, and
starting time, are slightly different; details for the species
studied so far were summarized in a review (Guo et al.
2009). For oysters, CB and 6-DMAP were the most com-
monly used methods for effective inhibition of polar bodies
(Table 1).

Opverall, inhibition of polar body I or II is an effective

direct approach to produce triploids. Generally, the
inhibition of polar body II produces higher percentages of
triploids compared to the inhibition of polar body I, but no
significant differences were identified when a systematic
comparison was made using the same parents in hard clams
(Yang & Guo 2017).

Although inhibition of polar body I or II is an effective ap-
proach to produce triploids, this approach is not commonly
used for commercial triploid seed production because: (1)
100% triploid offspring are rarely produced, and they vary
greatly depending on gamete quality, egg development,



treatment timeframe, duration, and water temperature;

(2) triploid larval survival is lower than larval survival in
control groups due to the treatment for polar body inhibi-
tion; and (3) chemicals used to inhibit polar bodies, such as
cytochalasin B, may be a threat to human health.

To overcome the disadvantages of inhibiting polar body

I or II for commercial triploid seed production, another
method involving tetraploid oysters can be used. Tetraploid
oysters offer a solution because they can be crossed with
normal diploids to produce 100% triploids. A review of
tetraploid oyster production will be covered in a follow-up
publication.

2) Triploid Production by Crossing
Diploids with Tetraploids

Theoretically, offspring from diploids (2N) crossed with
tetraploids (4N) can produce 100% triploids (3N). Ap-
plications of this method are recognized in the successful
establishment of tetraploid breeding stocks for several
oyster species (Guo et al. 1994; Eudeline et al. 2000; Allen et
al. 2005; Guo 2012). Currently, triploid seed production in
most commercial hatcheries uses eggs from normal diploids
that are fertilized with sperm from tetraploids. To ensure
predictable spawning success and avoid contamination,
gamete collection for triploid seed production is performed
using the strip spawning method, which is applicable for
most oyster species (but may not be for scallops, mussels,
and clams).

The strip spawning procedure includes the following steps:
open mature adult oysters (clean the knife between oysters
to avoid contamination), determine the sex of each oyster
by observing a smear of gonad under microscope (40x
magnification), keep females and males separate, strip
gonad using a sharp scalpel, and rinse and suspend gametes
into individual beakers with fresh seawater. Eggs may be
collected on a 20-um screen by filtering through a 150-pum
screen to remove debris and may then be resuspended in
fresh seawater. Sperm (from tetraploids) can be collected by
filtering through a 15-um screen and resuspending in fresh
seawater. Fertilization is performed by mixing eggs and
sperm. Concentrations of ~10-20 sperm/egg are confirmed
via microscopy (100-x magnification).

Performance of Triploids over
Diploids

The intention of developing triploid oysters is to meet
the industry’s need for year-round marketable oysters,
especially during the summer months when normal
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diploids are thin and watery after spawning. Typically,
oysters spawn during the spring and fall. Before spawning,
the stored energy is used for egg and sperm development
within the gonad, which can occupy up to 50% of the

soft tissue weight. After spawning, the oyster meat is
considered unpalatable because tissue begins to soften and
appears watery (Allen et al. 1989). Triploids are considered
sterile with poor gonad development and are thought to
redirect energy typically used for gonadal development to
somatic growth, allowing them to increase in body size and
maintain meat quality. Therefore, triploid oysters are well
suited to meet the demands of the industry for a year-round
marketable product.

The performance of triploids has been demonstrated at
juvenile and adult stages in almost all of the studied shell-
fish species, most prominently in oysters and scallops after
sexual maturation. An updated summary of the growth of
triploid oysters at adult stage based on a review by Guo,
X., Y. Wang, Z. Xu and H. Yang described in their article,
“Chromosome set manipulation in shellfish” (Guo et al.
2009) is listed in Table 1.

1) Fast Growth of Triploid Oysters

At the larval stage, triploids and diploids did not show
significant differences in survival (Guo et al. 2009). For
larval growth, chemically induced triploids grew either
faster than or about the same as diploids in the Pacific
oysters (Downing & Allen 1987). Superior growth was
confirmed in triploid larvae produced from tetraploids in
the Pacific oyster (Guo et al. 1996). Data collected from
eyed larvae showed that triploid larvae had grown to
280-300 microns at settlement, while diploids had grown to
250-260 microns.

At the adult stage, superior growth of triploids has been
confirmed in almost all oyster species studied. For the
eastern oyster, triploids produced by inhibiting polar body
I or II typically grew 12-41% faster than diploids (Table
1). Only one study displayed triploids with 0.7% smaller
body size when compared to diploids (Wang et al. 2005).
Impressively, triploids produced by diploids crossed with
tetraploids (2n x 4n) showed 192% faster growth than
diploids (Table 1) and in some cases even higher due to
selective breeding of tetraploid broodstock (based on a
Rutgers University presentation at the National Shellfisher-
ies Association’s annual meeting in 2017). Commercially,
triploid oysters cultured in Virginia can reach market size
(over 3 inches, or 75 mm) in 1.2 years, while diploids need
1.6 years (Harding 2007). In Florida, triploids take 10-14
months to reach market size from spawn while diploids



need about 12-16 months (results of field trials conducted
by Sturmer and growers during 2016-17, Sturmer et al.
2017) (Figure 1). For the Pacific oyster, chemically induced
triploids showed 14-150% increased body size compared
to diploid controls (Table 1), and triploids produced from
tetraploids (2n x 4n) showed up to 159% faster growth
than diploids (Table 1). For the other four oyster species,
triploids produced from chemical inhibition of polar body
I or II also showed a significant increase in body size (Table

1).

However, it is important to recognize that environmental
factors (for example, food availability, temperature, and
salinity) can also affect growth and survival of triploid
oysters. In general, warm environments that are nutrient-
rich produce triploid oysters with substantially higher
growth rates (Brake et al. 2004). Environments that are
nutrient poor may explain the observations where triploid
and diploid oyster growth are similar (Guo et al. 2009).

2) Survival of Triploid Oysters

Despite the benefits of summer meat conditions and higher
growth rates, the triploid advantage in terms of survival
varies across studies and environmental conditions. Recent
experimental work has suggested that triploids appear to be
more vulnerable to summer mortality (Wadsworth 2018).
Triploid eastern oysters have experienced significantly
higher mortalities than diploid oysters at sites along the
Gulf of Mexico, and the results highlight the need for a
better understanding of the triggers of summer mortality in
triploids.

3) Disease Resistance of Triploid Oysters

The effects of triploidy on disease resistance have not been
clearly established. Studies on susceptibility to dermo
(caused by Perkinsus marinus) suggested that triploid and
diploid eastern oysters reacted similarly and were equally
susceptible to the disease (Barber & Mann 1991). On the

Figure 1. Diploid and triploid oysters harvested after eight months of growout in off-bottom gear at commercial farms along the west coast of
Florida (CK=Cedar Key, OB=Oyster Bay, AH=Alligator Harbor). Oysters on the top of each tray are diploids (blue tags) while oysters on the bottom

of each tray are triploids (orange tags).
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other hand, triploid eastern oysters have shown resistance
to the MSX disease (caused by Haplosporidium nelsoni)
compared to diploids (Matthiessen & Davis 1992). When
exposure to the Roseovarius oyster disease (ROD, caused
by Roseovarius crassostreae), triploid eastern oysters showed
increased survival compared to diploids (Guo et al. 2008).
For the Pacific oyster, triploids challenged to vibriosis did
not show any advantage for susceptibility over diploids
(DeDecker et al. 2011). Although disease resistance of
triploids was not confirmed in these studies, it is worth
noting that increased growth rates in triploid oysters could
allow them to reach a “refuge” size to be harvested sooner,
and thus reduce the risk of vulnerability to pathogens
during the culture cycle.

Ploidy Determination

Accurate ploidy determination is absolutely required for
the application of triploid-tetraploid technology. Ploidy
verification of broodstock before spawning can ensure

that hatchery efforts are carried out as planned; ploidy
confirmation of larvae at swimming stage can ensure

early detection of possible polyploid outcome; and ploidy
validation of seed labeled as triploids before shipment can
ensure that no mishandling occurred during the larval and
seed rearing process. The methods for ploidy determination
include the following:

1) Counting of Chromosome Number

This is a direct method for ploidy determination. Chromo-
somes are densely packaged chromatin (DNA and histone
protein) within the nucleus of the cells and are visible with
a light microscope, particularly during metaphase (a short
period of the cell cycle). This method requires a tedious and
time-consuming process that includes making cell suspen-
sions, treating samples to assure cells arrest at the stage for
visible chromosomes, making chromosome slides, staining
chromosomes, and counting chromosomes. This method is
usually used for ploidy determination at embryo stages or
aneuploidy detection.

2) Evaluation of Hemocyte Nucleus
Diameters or Volume

Blood cells (hemocytes) and nucleus dimensions in
triploids are significantly bigger than those in diploids;
therefore, these parameters can be used effectively for
ploidy evaluation (Jayaprasad et al. 2011). The measure-
ment of cell size (nuclear volume, cytoplasmic volume, and
nucleus surface area) can be performed by microscopy after
proper staining.
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3) Evaluation of DNA Amount by Flow
Cytometry

Flow cytometry is a technology that measures the
characteristics of single cells in a fluid as it passes through

a bright-beam laser. The cells can be labeled with specific
fluorescent stains that can be excited to emit light at varying
wavelengths as they pass through the laser. For ploidy
determination, fluorescent stains for DNA amount (ratio

to the chromosome numbers), including 4,6-diamidino-
2-phenylindole (DAPI) and propidium iodide (PI), can be
used to stain the single cells (sperm, hemocytes, or cells iso-
lated from gill or pooled larvae). The intensity of exit lights
is proportional to the DNA amount and allows the different
ploidy to be distinguished. Therefore, flow cytometry is a
fast, easy, and accurate method for ploidy determination.
For flow cytometry data collection, diploid oysters should
be used as a reference because flow cytometry measures the
relative DNA content (Allen 1983).

4) Molecular Genetic Markers

Polymorphic genetic markers, such as microsatellite mark-
ers, have been used for ploidy determination and parentage
assignment in shellfish (Miller et al. 2016) because of their
high polymorphism, multi-alleles, co-dominance, and
reproducibility. The analysis can be achieved by using a
simple multiplex polymerase chain reaction (PCR) contain-
ing specific primers of microsatellite markers.

Conclusion

Triploid oysters are now being sold as a commercial
product in many countries, including the United States,
Australia, France, Chile, China, and Korea, and have
demonstrated improved performance compared to diploids.
To further advance the marketability and production of
triploid oysters, the establishment of tetraploid breeding
stocks is the key for 100% triploid seed production. Overall,
triploid-tetraploid technology is the most applied genetic
manipulation to improve and sustain the global oyster
aquaculture industry.

Glossary

Aneuploids: Organisms with a chromosome number other
than an exact multiple of the haploid set, such as 2n-1
(monosomy), 2n+1 (trisomy), 2n+2 (tetrasomy), and 2n+3
(pentasomy).

Aneuploidy: describes the aneuploid condition.



Chromosome: A threadlike structure of deoxyribonucleic
acid (DNA) carrying genetic information in the form of
genes in the nuclei of most living cells.

Euploids: Organisms with a chromosome number that is
an exact multiple of a haploid chromosome set are called
Euploids, such as diploids (2n) with two sets of chromo-
somes (most natural Animalia species are diploids), trip-
loids (3n) with three sets of chromosomes, and tetraploids
(4n) with four sets of chromosomes.

Gamete: Reproductive cells with a haploid number of
chromosomes, including eggs, sperm, and spores. In sexual
reproduction, gametes from males and females form
diploid zygotes through fertilization.

Haploid: Possessing a single set of unpaired chromosomes
(IN), such as eggs and sperm.

Meiosis: The cell division process to produce gamete cells
(eggs and sperm) or spores that involves one replication
of chromosomes and two nuclear divisions to produce
four haploid cells (gametes or plant spores). The first cell
division is called Meiosis I, and the second cell division
is called Meiosis II. The first stage of each cell division is
called Prophase.

Ploidy: The number of sets of chromosomes in a cell, or in
the cells of an organism. Usually, most animals possess two
sets of chromosomes in a cell, which are called diploid.

Polar body: The cells produced at either the first cell divi-
sion (polar body I) or the second cell division (polar body
IT) in the meiosis process in females. They usually contain
almost no cytoplasm due to the unequal cell division.

Sexual maturation: Age or stage when an organism can
reproduce.

Somatic: Not reproductive. A somatic cell is any cell of a
living organism other than the reproductive cells. Somatic
growth is the growth of nonreproductive tissues.
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Table 1. Performance of triploid oysters measured as percent increase in whole body weight over diploids unless otherwise noted

(updated from Guo et al. 2009).

Species

Crassostrea virginica

Crassostrea gigas

Crassostrea
hongkongensis

Crassostrea
talienwhanensis

Crassostrea madrasensis

Ostrea edulis

Saccostrea glomerata

Method’

CB, 0.5 mg/L
CB, 0.5 mg/L

CB, 0.5 mg/L;
2nx4n

2nx4n

2nX4n
2nx4n
2nX4n

2nx4n
(South
Carolina)

CB, 1 mg/L
CB or 6-DMAP
CB, 0.5 mg/L
CB, 1.0 mg/L

CB, 0.5 mg/L;
4n

2nx4n
2nx4n

Not available
(NA)

CB, 0.5 mg/L

Cold shock,
2-8°C
6-DMAP, 100
UM

CB, 1 mg/L
CB, 0.5 mg/L
CB, 1.25mg/L
CB, 1.0 mg/L
CB, 1.25mg/L

3N
(%)

61-72
96
72;98

100

100
100
100
100

71-96
86

76

84
82-100

100
99-100
NA

43-70

n/a

n/a

85
73-93
75-79

n/a

Increase
(%)

12-41
30
-0.7; 34 (tissue)

Reaching market
size
3n,1.2yr;2n,1.5yr
82-192

91-109

88%

5-9% body length
6-30% (dry weight)

28

40
20-23
80-150
14; 26

25-51
159

No advantage
5.7-155

52 (length)
128-260

61 (PB1);-8 (PB2)
41

36-57

74

49

Age
(year)
3

2

2.2

13
1.5

0.67

15

0.8
23-3.2
1.5-2

1.25
25
2
13
3.2

Reference

(Stanley et al. 1984)
(Barber & Mann 1991)
(Wang et al. 2005)

(Harding 2007)

(Guo et al. 2008)

Allen, personal comm.
(Degremont et al. 2012)
(Stone et al. 2013)

(Allen et al. 1986)
(Garnier-Gere et al. 2002)
(Maguire et al. 1995)
(Akashige & Fushimi 1992)
(Wang et al. 2002)

(Guo et al. 1996)
(Nell & Perkins 2005)

(Villanueva-Fonseca et al. 2017)
(Zhang et al. 2017)

(Liang et al. 1994)

(Mallia et al. 2006)

(Hawkins et al. 1994)
(Nell et al. 1994)
(Hand & Nell 1999)
(Hand et al. 2004)
(Troup et al. 2005)

'Induction method: CB = cytochalasin B; 6-DMAP = 6-dimethyaminopurine; 2nx4n, eggs from diploid crossed with sperm from tetraploid.
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